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Development and Characterisation of Apple-peel Herbal Infusion Enriched with Cinnamon and Cardamom







ABSTRACT
The present study aimed to develop and characterise an apple-peel-based herbal infusion powder enriched with cinnamon and cardamom. Apple peel powder, cinnamon powder, and cardamom powder were blended in different proportions, and the formulations were evaluated for sensory attributes using a nine-point hedonic scale. The most preferred formulation, F2, containing 50% apple peel powder, 30% cinnamon, and 20% cardamom, was selected for further physicochemical, proximate, antioxidant, phytochemical, colour, and microbiological analyses. F2 showed a moisture content of 1.56%, ash content of 3.39%, crude fat content of 1.97%, crude fibre content of 21.79%, protein content of 7.57%, carbohydrate content of 85.51%, and energy value of 390.05 kcal. The formulation had a pH of 5.96 and colour values indicating a yellowish-brown tone. The radical scavenging activity of F2 was 401.86 mg/g ascorbic acid equivalent, which was lower than the control value of 508.4 mg/g. Total phenolic and flavonoid contents were slightly lower in F2 than in the control, whereas tannin content was higher in F2. Microbiological evaluation showed that total plate count and yeast and mould counts were within acceptable limits. The findings indicate that apple peel powder, combined with cinnamon and cardamom, can be used to formulate a sensorially acceptable herbal infusion with measurable antioxidant and microbiological quality.
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1. INTRODUCTION

The functional food and beverage market is growing rapidly as consumers seek health benefits beyond basic nutrition. The Indian functional beverages market size reached USD 6.9 billion in 2025 and is expected to reach USD 18.8 billion by 2034, exhibiting a CAGR of 10.74% during 2026-2034 (IMARC Group, n.d.). Functional foods and beverages help improve overall health by supporting digestion, weight management, and bone and muscle strength, and by reducing the risk of long-term conditions such as type 2 diabetes and cardiovascular problems. Tea is the most popular functional beverage. Herbal infusions, a type of herbal tea, are made with flowers, herbs, spices, and dried fruits and are prepared in the same manner as ordinary tea, either loose or in bags (Mensah et al., 2025).
Herbal infusions are an important dietary source of phenolic compounds. They are also recognised as sources of antioxidants that may contribute to dietary defence against oxidative stress (Atoui et al., 2005). Herbal infusions are beverages made by infusing herbs, spices, or other plant materials in water; they are not derived from the tea plant Camellia sinensis and are naturally caffeine-free. They are used for hydration, flavour, and medicinal purposes. The global herbal tea market is expected to reach USD 6.18 billion by 2031 from USD 4.15 billion in 2024, with a CAGR of 6.1% (The Insight Partners, 2025). Compared with apple flesh, apple peel is helpful in inhibiting colon cancer. Cinnamon and cardamom blends increase the antioxidant activity of infusions; as a result, more people are choosing to drink herbal infusions regularly. Herbal infusions could provide a useful supplementary approach for improving well-being. Recent evidence indicates that herbal infusions differ in phenolic content, radical-scavenging capacity, and antibacterial activity; therefore, individual formulations require independent antioxidant and microbiological characterisation (Nowak et al., 2025).
Apple peel plays an important role in contemporary product development because of its polyphenol content, which helps reduce vascular endothelial dysfunction, insulin resistance, and lipid metabolism (Tian et al., 2018). Polyphenols found in apple peel act as strong antioxidants and anti-inflammatory substances in the gut, which may offer protective advantages against harmful intraluminal substances and thus strengthen the body's natural defences against various intestinal disorders, including IBD (Denis et al., 2013). The peel of red apples is rich in cyanidin-3-O-galactoside, an important anthocyanin pigment that gives the fruit peel its red colour and shows considerable antioxidant capability; however, high drying temperatures can reduce the effectiveness of this compound (Rupasinghe et al., 2010). Recent work on apple peel extracts has identified hyperoside, chlorogenic acid, phlorizin, epicatechin, and procyanidin B2 among phenolic constituents and reported antioxidant-related bioactivity, supporting the evaluation of apple peel as a value-added food ingredient (Cano-Lou et al., 2025).
Apple peel has nutritional value, but its use in the development of herbal infusions remains limited. Fruit-processing by-products are underutilised because most commercial products use apple pulp or extracts rather than apple peel powder. Apple peel powder offers nutritional benefits as well as value addition to fruit-processing by-products. Flavouring apple peel beverages with natural spices has been associated with high concentrations of polyphenols and anti-diabetic and anti-inflammatory properties. Although previous studies have characterised the incorporation of apple peel in food products, specific studies on the development of apple peel herbal infusion are limited, and synergistic blends with cinnamon and cardamom have not been consistently optimised. Therefore, the present study was undertaken to formulate and characterise an apple-peel-based herbal infusion enriched with cinnamon and cardamom and to assess its sensory and functional properties.

To maximise the potential health benefits of the herbal infusion, cinnamon was added to impart a warm, sweet, and spicy taste, while cardamom was included to provide a pleasant, aromatic, and sweet flavour. Both spices contain important bioactive compounds with antioxidant and antimicrobial properties, which enhance the functional value of the beverage. Cinnamon aids digestion, promotes good circulation, and provides a relaxing effect, while cardamom helps improve digestion and reduce bloating and gastric discomfort. Combining apple peel powder with cinnamon and cardamom improves both functional and therapeutic value. For botanical beverage systems, formulation assessment should include antioxidant, physicochemical, and microbiological parameters because plant additions may influence product quality during storage (Nwagbo et al., 2026). In related fruit-based product development, changes in fruit incorporation level affected sensory acceptability, underscoring the importance of formulation-level sensory screening before selecting a preferred product (Deka & Das, 2025).
This research highlights the effective use of apple peel, a fruit-processing by-product, together with cinnamon and cardamom, in the development of a functional herbal infusion with nutritional and antioxidant properties for consumers. It also encourages sustainable by-product utilisation and creates scope for the food industry to develop innovative value-added beverage products. However, formulation-specific evidence remains limited for a powdered apple-peel infusion in which apple peel is combined with cinnamon and cardamom and evaluated through sensory, physicochemical, antioxidant, and microbiological parameters. The objective of this study was to develop and characterise an apple peel herbal infusion enriched with cinnamon and cardamom.

 2. MATERIALS AND METHODS
[bookmark: _Hlk229229441] 2.1 Sample Preparation
 2.1.1  Processing of Apple Peel Powder, Cinnamon Powder, and Cardamom Powder
Apples were first washed with clean water and then with distilled water, and their peels were removed. Apple peel powder (APP) was prepared by drying the apple peel in a dehydrator at 60°C for 10-12 hours. Cinnamon and cardamom powders were prepared by drying them in a dehydrator at 50°C (Mardiana et al., 2020).
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2.2 Formulation and Preparation of Herbal Infusion
2.2.1 Selection of Ingredients
The amounts of apple peel powder, cinnamon, and cardamom were varied to prepare several herbal infusion formulations. The selection of ingredients was based on their nutritional and antioxidant properties. The raw materials used for the preparation of the herbal infusion were collected from local markets in Lucknow and Kerala. Preliminary trials were carried out to standardise the formulation based on sensory characteristics.




2.2.2 Formulation of Herbal Infusion

Different formulations of the herbal infusion were prepared by varying the proportions of apple peel powder, cinnamon powder, and cardamom powder. To create homogeneous blends, the ingredients were weighed in different ratios and thoroughly combined: APP (100%-70%), cinnamon (20%-0%), and cardamom (10%-0%). Five different formulations were obtained and are presented in Table 1.

                                  
                                      Table 1.      Formulations of Herbal Infusion

	Samples
	Apple-peel (%)
	Cinnamon (%)
	Cardamom (%)
	
	

	
Control
  
F1
  F2
	100
40
50
	      0
     35
     30
	0
25
20
	
	

	  F3
  F4
F


	60
70
	   25
   20

	15
10
	
	


                              
 
2.3 Evaluation of Sensory Properties of the Formulated Herbal Infusion Samples

About 30 untrained panellists from BBAU, including teachers and students, evaluated the consumer acceptability of the developed herbal infusion. Whether or not they were familiar with herbal infusions, panellists were selected based on their willingness and commitment. Panellists were asked to rate their preferences for the samples based on appearance, colour, taste, flavour, and overall acceptability using a nine-point hedonic scale, with 1 denoting "dislike extremely" and 9 denoting "like extremely". Testing was conducted in a sensory evaluation room with controlled lighting and temperature and minimal external disturbance. The sensory evaluation data obtained were statistically analysed using SPSS software.

2.4 Proximate Analysis

Based on the sensory evaluation results, the most preferred formulation (F2) was selected for proximate analysis. Moisture, ash, fat, protein, and fibre contents were determined using the methods described by Ranganna (2005), based on AOAC procedures.

2.4.1 Moisture Content

The weight of a clean and dry Petri dish was set through three consecutive measurements after drying in a hot-air oven at 105°C. The weight of the empty dish with the sample was then recorded as W1, or the initial weight. The dish was again kept in an oven for drying at 105°C for 4 hours, and the final weight was recorded as W2. Moisture content was computed as a percentage by deducting the dried weight from the sample weight.

Moisture content (%) = Initial Wt. (W1)- Final Wt.(W2) × 100
                                                 Weight of sample(W)





2.4.2 Fat Content

The Soxhlet extraction method was used to assess the fat content of the sample. Moisture-free samples were transferred to a thimble made of Whatman No. 42 filter paper, which was then mounted on a stand and transferred to a pre-weighed Soxhlet beaker. Petroleum ether was added to the beaker, which was then connected to the Soxhlet apparatus. The sample was extracted for two hours at 80°C in the first cycle and then for two hours at 120°C in the second and final cycle to facilitate ether evaporation. Finally, the Soxhlet beaker was placed in a hot-air oven at 105°C for 30 minutes, or as required. The percentage of crude fat was computed as follows:

Crude fat (%) = W2-W1× 100
                             W
Where, 
 W1- Wt of round bottom flask
 W2- Wt of round bottom flask + fat
 W-   Wt of sample
 W2-W1 + Weight of ether soluble material

2.4.3 Protein Content

The Kjeldahl method, involving digestion, distillation, and titration, was used to determine the protein concentration. Approximately 0.3 g of the sample was digested with a catalyst mixture and concentrated sulphuric acid at 440°C for five to six hours until a bright greenish-blue solution was produced. A 10 mL aliquot of the digest was distilled with 30% sodium hydroxide after being diluted to 100 mL. The released ammonia was collected in boric acid and titrated against 0.1 N hydrochloric acid using a mixed indicator. A blank was also prepared in the same manner, and the nitrogen value was used to compute protein content.

Nitrogen (%) = (Sample titre- Blank titre) × Normality of HCl × 14 × 100 
                                                    Weight of sample × 1000

Protein % = Nitrogen % × 6.25

2.4.4 Ash Content

The dry ashing method was used to determine ash content. A silica crucible was heated to 105°C in a hot-air oven until it reached a constant weight. A crucible containing approximately 2 g of the sample was heated over a Bunsen burner until odours ceased. The sample was then placed in a muffle furnace and heated to 550°C until clear ash was produced. After cooling, the weight of the residue was recorded and expressed as a percentage.

Ash (%) = W2 – W1 × 100
                       W

Where,
  
W = Wt of sample
W1 – Constant Wt
W2 – Final weight of crucible + ash

2.4.5 Fibre Content

Fibre content was determined using a moisture- and fat-free sample. Sulphuric acid (1.25%) was added to 10 g of sample. The sample was then digested by boiling for 30 minutes. After that, the sample was filtered through filter paper and washed with warm water to remove acid. The sample was then placed in a beaker. A 10 mL volume of NaOH (1.25%) was added to the beaker. After adding distilled water, the sample was boiled for 40 minutes. The sample was filtered again and washed with hot water until it was alkali-free. The sample was placed in a crucible and then in an oven at 85°C. The drying temperature was set at 130°C for 2 hours. The sample was weighed again, burned at 600°C, cooled, and washed again. After charring, it was kept in a desiccator for cooling and then weighed. Fibre weight in the sample was determined by the weight lost during charring.

Fiber % = Wt of dried sample before ashing – Wt of sample after ashing × 100 
                                                     Initial weight of sample







2.4.6 Carbohydrate Content

The percentage of carbohydrate was calculated by the difference method.

Carbohydrate (%) = 100- (Moisture % + Protein % + fat % + Ash %)


2.5 Determination of Antioxidant Properties of the Formulated Herbal Infusion Sample

Spectrophotometric analysis was used to evaluate the ability of the extracts to scavenge the DPPH (2,2-diphenyl-1-1-picrylhydrazyl) radical. The tubes were covered with brown paper, and 100 µL of DPPH solution was added (4.3 mg of DPPH reagent dissolved in 3.3 mL of pure methanol and protected from light). The mixture was left for 20 minutes, and absorbance was measured at 515 nm using visual spectrophotometry. For the control, 150 µL of DPPH solution was added to 3 mL of methanol, left for 20 minutes, and absorbance was measured at 515 nm using visual spectrophotometry. Methanol was used as the blank (Esmaeilzadeh Kenari et al., 2014).

Antiradical Activity (%) = Control absorbance- sample absorbance × 100
                                                          Control absorbance

2.6 Determination of Phytochemicals

2.6.1 Determination of Total Phenolic Content

Total phenolic content (TPC), the amount of phenolic compounds in the extract, was determined according to the Folin-Ciocalteu method (Pourmorad et al., 2006), and the results were expressed as milligrams of gallic acid equivalents (GAE) per gram. A 0.5 mL volume of each sample was combined with 2.5 mL of a 10-fold diluted Folin-Ciocalteu reagent and 2 mL of a 7.5% sodium carbonate solution to create concentrations of 1 mg/mL of extract in the respective solvents. After the samples were stored at room temperature for 30 minutes, absorbance was measured spectrometrically at 760 nm using a T80 + UV/VIS spectrophotometer.

2.6.2 Determination of Total Flavonoid Content

The total flavonoid content was determined using the method described by Boateng et al. (2008). A 150 µL volume of 5% sodium nitrite (NaNO2) and 2 mL of ethanolic extract were combined, and the mixture was left for five minutes. After adding 150 µL of aluminium chloride (AlCl3), the mixture was incubated for ten minutes. Next, 1.2 mL of distilled water and 1 mL of 1 M sodium hydroxide (NaOH) were added. A spectrophotometer was used to measure absorbance at 510 nm after the solution had been shaken well and left for ten minutes. Quercetin (0.05-0.5 mg/mL) was used to produce a standard curve from which the results were computed. The outcome was expressed in milligrams of quercetin equivalents (QE) per gram of dry material.

2.6.3 Determination of Total Tannin Content

The Folin-Denis method was used to determine total tannin content, as described by Saxena et al. (2023). A 0.5 g portion of powdered material was extracted by boiling it with 75 mL of distilled water for 30 minutes, centrifuging it for 20 minutes at 2000 rpm, and then making the supernatant up to 100 mL. For analysis, 10 mL of sodium carbonate solution and 5 mL of Folin-Denis reagent were added to 1 mL of extract in a 100 mL volumetric flask with 75 mL of water. The volume was increased to 100 mL. After 30 minutes of shaking and incubation, the absorbance of the mixture at 700 nm was measured against a blank. Tannic acid (100 mg/100 mL distilled water) was used to prepare a standard curve with appropriate aliquots for calibration.

2.7 Physicochemical Properties of the Formulated Infusion Sample

2.7.1 Determination of pH

A calibrated digital pH meter was used to measure the pH of the sample. Before analysis, buffer solutions of pH 4.0 and 7.0 were used to standardise the instrument. About 10 mL of the prepared sample was taken, and the electrode was immersed directly in the solution for measurement. The pH value was recorded at room temperature.













 
2.7.2 Determination of Colour
A colorimeter by Sensegood Technologies was used to measure the colour of the herbal infusion in the L*a*b* system, where L* indicates lightness and ranges from 0 (black) to 100 (white), a* measures greenness/redness, and b* measures blueness/yellowness.
Chroma = 
Colour Intensity = 
Hue angle = tan-1 
2.8 Microbial Evaluation of Formulated Infusion Sample
2.8.1 Determination of Total Plate Count (TPC)
The aerobic plate count of the sample was determined according to the method described by the Bureau of Indian Standards (2012). The sample was tested using the pour plate technique by plating it with plate count agar medium. The plates were incubated at 37°C for 24 hours. After incubation, the colonies were counted using a colony counter.
2.8.2 Determination of Yeast and Mould
The enumeration of yeast and mould count in the sample was performed according to the method described by the Bureau of Indian Standards (1999). The sample was tested using the pour plate technique by plating it with yeast glucose chloramphenicol agar medium. The plates were incubated at 25°C for three to five days. Following incubation, the colonies were counted using a colony counter.

3. RESULTS AND DISCUSSION
3.1 Sensory Evaluation
Figure 1 displays the consumer acceptability ratings for the control and prepared herbal infusion samples. The panellists' preference for the herbal infusion ranged from "like moderately" to "like very much", as indicated by the mean appearance score of 7.36 to 8.46. The most preferred sample in terms of appearance was F2 (8.46), followed by C (8.30), F1 (7.56), F3 (7.70), and F4 (7.36).
In terms of colour for the control and formulations, the average scores ranged from 7.56 to 8.33, showing panellists' preferences from "like moderately" to "like very much". For colour, sample C was the most preferred sample (8.33), while the least preferred sample was F3 (7.56). The control sample showed better colour characteristics because of the natural pigments and polyphenol compounds present in apple peel.
The origin and quality of an infusion can be determined by its aroma, which is the smell or odour detected through the nose (Pohl et al., 2013). The average aroma scores of the samples ranged from 6.73 to 8.50, showing that panellists' preferences ranged from "like slightly" to "like very much". For aroma, the most preferred sample was F2 (8.50), while C (6.73) was the least preferred sample.
In terms of taste, the average scores ranged from 6.86 to 8.63, showing that panellists' preferences ranged from "like slightly" to "like very much". For taste, the most preferred sample was F2 (8.63), and the least preferred sample was C (6.86).
Finally, the samples' overall acceptability mean scores varied from 7.40 to 8.50, with preferences ranging from "like moderately" to "like very much". The panellists selected F2 (8.50) as their favourite sample, followed by F1 (7.63), F3 (7.60), F4 (7.50), and C (7.40). This indicates that the apple-peel-only infusion would be the least acceptable overall. However, the overall acceptability of the formulated samples increased when both cardamom and cinnamon were added.









                         
                                                   Fig. 1. Sensory evaluation of herbal infusion

3.2 Proximate Analysis of the Formulated Herbal Infusion
Figure 2 demonstrates the proximate composition of the most appropriate herbal infusion formulation on a dry matter basis. The F2 formulation powder had a moisture level of 1.56%. The shelf life of the product is positively associated with the moisture content of the herbal infusion. Lower moisture content helps reduce the growth of bacteria and fungi, thereby improving the shelf stability and overall quality of the product. It is advised that herbal infusions be dried to a moisture level below 4% to ensure good preservation properties, provided that moisture absorption is limited during distribution and storage (Kumadoh et al., 2022).
The protein content of the F2 formulation powder was 7.57%. The presence of protein in the formulation may be attributed to the incorporation of plant-based ingredients and spices used during product development. Herbal infusions are generally not known for high protein levels, so this value indicates an appreciable nutritional contribution. The crude fibre content was 21.79%, indicating that the product is a rich source of dietary fibre. Dietary fibre is important for improving digestive health and enhancing the functional properties of the beverage. Crude fat was 1.97%, indicating a low-fat composition in the product. The low fat content makes the beverage suitable for health-conscious consumers and may contribute to better shelf stability. Carbohydrate content was 85.51%, indicating that carbohydrates constitute the major component of the formulation. The high carbohydrate content may be associated with the presence of natural sugars, dietary fibre, and other plant-derived constituents from the ingredients used. Carbohydrates contribute significantly to the energy value and overall nutritional composition of the beverage. The energy value was 390.05 kcal, indicating that the product can serve as a source of energy. The total ash content of F2 powder was 3.39%, indicating a relatively high ash content.








                  
                     Fig. 2. Proximate analysis of most preferred formulated sample of herbal infusion

3.3 Physicochemical Properties of Formulated Herbal Infusion (F2) Powder
Physical and chemical characteristics, such as pH and colour, were measured for the most suitable herbal infusion formulation (F2). The pH level significantly affects how functional drinks are processed and influences the appearance of various products (Vázquez-Cabral et al., 2014). The pH of the F2 formulated powder was 5.96, indicating a slightly acidic range that is generally considered acceptable. Bacterial contamination may be high at neutral or higher pH levels, but it may be low when a herbal medicine has a low pH because of the presence of acidic chemicals (Kumadoh et al., 2024). The perception of colour is directly correlated with the chroma and hue angle of the product, while the colour intensity parameter can be used to monitor sample colour variations (Delgado-Ospina et al., 2022). The chroma of the powder was 14.45, colour intensity was 37.54, and hue angle was 63.9°, indicating a yellowish-brown colour tone of the herbal infusion.

3.4 Antioxidant and Phytochemical Properties
3.4.1 Antioxidant Properties of Control and Formulated Herbal Infusion (F2) Powder
The radical scavenging activity of C was 508.4 mg/g ascorbic acid equivalent, and that of F2 was 401.86 mg/g ascorbic acid equivalent. The antioxidant activity of the formulated herbal infusion was observed to be lower than that of the control sample. The reduction in antioxidant activity may be due to processing conditions, dilution during infusion preparation, and possible degradation of heat-sensitive phenolic compounds. Despite this, the powdered sample exhibited high antioxidant activity.
3.4.2 Phytochemical Properties of Control and Formulated Herbal Infusion (F2) Powder
The total phenolic content of the control sample (17.33 mg GAE/g) was found to be slightly higher than that of F2 (17.29 mg GAE/g). The difference between the two samples was minimal, indicating that F2 retained a comparable level of phenolic content. The total flavonoid content of the control sample (15.669 mg QE/g) was found to be slightly higher than that of F2 (11.02 mg QE/g). However, the formulated sample still exhibited appreciable flavonoid content, indicating that the antioxidant qualities were due to the presence of bioactive substances. The total tannin content of the F2 sample (1.14 mg/g) was found to be greater than that of the control sample (1.03 mg/g). The combination of cinnamon and cardamom flavours balanced bitterness and sweetness, thereby improving palatability. Additionally, the interaction of apple peel, cinnamon, and cardamom may enhance bioavailability and cardiovascular benefit (Maqsood et al., 2014).

3.5 Microbial Quality of Formulated Herbal Infusion F2 Powder
The total plate count of the F2 powder was 9.02 × 10² CFU/g, which was within the acceptable microbiological limit (10⁴ to 10⁵ CFU/g), indicating a low microbial load. A low microbial count improves the shelf stability of the herbal infusion by preventing the growth of spoilage microorganisms. The yeast and mould count was 9.09 × 10 CFU/mg, within the acceptable limit (≤10³ CFU/g), indicating a low level of fungal contamination in the product.

4. CONCLUSION
The study developed an apple-peel-based herbal infusion powder enriched with cinnamon and cardamom and identified F2 as the most acceptable formulation. The selected formulation, containing 50% apple peel powder, 30% cinnamon, and 20% cardamom, received the highest overall acceptability score among the prepared samples. Its low moisture and crude fat contents may support product stability, while its crude fibre, carbohydrate, protein, and ash contents contributed to its nutritional profile. The F2 formulation showed a slightly acidic pH and a yellowish-brown colour tone. Although its radical scavenging activity, total phenolic content, and total flavonoid content were lower than those of the control, the formulation retained appreciable antioxidant-related properties and showed higher tannin content. The total plate count and yeast and mould count were within acceptable microbiological limits. Overall, the findings support the possible use of apple peel powder as a value-added ingredient for developing a herbal infusion with acceptable sensory, nutritional, antioxidant, and microbiological characteristics.

5. Limitations
This study was limited to laboratory-scale formulation and evaluation of selected apple peel, cinnamon, and cardamom blends. Sensory analysis used untrained panellists, and storage stability was not assessed over an extended period. The study also did not examine bioavailability, in vivo effects, or consumer acceptability across wider demographic groups.
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Sensory Evaluation of Samples

Appearance	0.47	0.5	0.51	0.6	0.49	0.47	0.5	0.51	0.6	0.49	C	F1	F2	F3	F4	8.3000000000000007	7.57	8.4700000000000006	7.7	7.37	Colour	0.48	0.61	0.52	0.5	0.47	0.48	0.61	0.52	0.5	0.47	C	F1	F2	F3	F4	8.33	8.1999999999999993	8.27	7.57	7.7	Aroma	0.52	0.48	0.51	0.48	0.5	0.52	0.48	0.51	0.48	0.5	C	F1	F2	F3	F4	6.73	7.33	8.5	7.67	7.43	Taste	0.56999999999999995	0.5	0.49	0.5	0.49	0.56999999999999995	0.5	0.49	0.5	0.49	C	F1	F2	F3	F4	6.87	7.4	8.6300000000000008	7.43	7.37	overall acceptability	0.49	0.49	0.5	0.49	0.5	0.49	0.49	0.5	0.49	0.5	C	F1	F2	F3	F4	7.4	7.63	8.5	7.6	7.5	Sample


Mean sensory score




Proximate Analysis for F2

         Moisture	0	0	0	0	0	0	0	           Ash	
0	1.56	3.39	1.97	21.79	7.57	85.51	       Crude Fat 	1	       Crude Fiber 	1	       Protein	1	       Carbohydrates	1	Samples


 Mean Sensory Score







